To determine the bacterial contamination rate of the parent's cell phone and the effectiveness of anti-microbial gel in reducing transmission of bacteria from cell phone to hands. METHODS: Cross-sectional study of cultures from the cell phone and hands before and after applying anti-microbial gel (n ¼ 50). RESULTS: All cell phones demonstrated bacterial contamination. Ninety percent had the same bacteria on the cell phone and their cleaned hands. Twenty two percent had no growth on their hands after applying anti-microbial gel after they had the same bacteria on the cell phone and hands. Ninety-two percent of parents were aware that cell phones carried bacteria, but only 38% cleaned their cell phones at least weekly. CONCLUSIONS: Bacterial contamination of cell phones may serve as vectors for nosocomial infection in the neonatal intensive care unit. Bacteria transmitted from cell phone to hands may not be eliminated using anti-microbial gel. Development of hand hygiene and cell phone cleaning guidelines are needed regarding bedside cell phone use. (2013) 
1
Hand hygiene is one of the most important procedures in preventing nosocomial infections. 2 The officials at the US Centers for Disease Control and Prevention (CDC) recommend hand hygiene before and after contact with every patient, 3 and an estimated 1/3 of all hospital-acquired infections are caused by lack of adherence of established infection control practices such as hand hygiene. 4 It is common in many NICU settings to have parents perform an initial hand and arm scrub upon entering the unit. Hand hygiene protocols that have been established encourage either washing hands or using anti-microbial gel before touching the patient. Despite this emphasis on improved hand hygiene, little focus has been given to parent's cell phone use at the bedside. There are an increasing number of reports regarding bacterial contamination of cell phones, [5] [6] [7] [8] although the primary focus is on health-care providers or adult in-patient settings. Little attention has been paid to the potential transmission rate of bacteria from the cell phone to the baby in a neonatal intensive care setting.
The purpose of this study was to determine the contamination rate of the parent's cell phone in a neonatal intensive care setting and identify the types of bacteria contaminating the cell phone. In addition, we set out to evaluate the effectiveness of an anti-microbial gel, as it may be typically applied in reducing the transmission of bacteria from the cell phone to the parent's hands.
METHODS
This cross-sectional study was performed at the Swedish Medical Center, First Hill Campus Neonatal Intensive Care Unit, a 75 bed tertiary NICU in Seattle, Washington. This study was approved by the Swedish Medical Center Institutional Review Board.
After written consent was obtained, each parent washed their hands and arms to the elbows thoroughly for at least 30 s per current unit policy. Immediately after the scrub, with the cell phone turned off, each parent was asked to perform three tasks: (1) take a picture; (2) hold the cell phone to their ear and say, 'the baby is fine'; and (3) text the sentence 'the baby is fine'. After the parent completed the tasks, both sides of the cell phone were gently pressed into a Replicate Organism Detection and Counting (RODAC) plate 9 (trypticase soy agar; Becton, Dickinson and Company, Sparks, MD, USA). After the parent put the cell phone down, their fingers and palms of both hands 10 were swabbed with a moistened sterile swab. 7, 11, 12 Beginning at the ulnar border of each hand, using a rolling motion, a single swab was passed over the entire palm, then the inner surface between the fingers and finally ending with the nails and nail tips in one continuous sweep. The procedure took a minimum of 2 min. Under supervision, the parents placed a quarter-sized amount of the antimicrobial gel (Purell; GOJO Industries, Akron, OH, USA) on their palm and were asked to apply the gel as they normally would. They were not given instructions on how to apply the gel. Once the hands dried, the fingers and palms of both hands were swabbed as previously described with a dry sterile swab in one sweep.
The RODAC plate and two swabs were processed in the microbiology laboratory at Laboratory Corporation of America, Seattle, Washington. The two hand swabs were plated on individual blood agar plates. Three plates per parent were incubated at 37 1C for 48 h. Plates were examined daily. Isolated colonies were identified per clinical laboratory standards. Only the organisms isolated from the hand swab before applying the anti-microbial 1 Division of Neonatology, Swedish Medical Center, Seattle, WA, USA; gel were evaluated for anti-microbial resistance. Organisms morphologically consistent with coliforms and Enterococcus spp. were identified by VITEK 2 (Biomerieux, Marcy l 0 Etoile, France). Extended spectrum blactamase resistance was confirmed using the double disc diffusion technique. Vancomycin resistance was confirmed using the Etest (Biomerieux). Staphylococcal Methicillin resistance was determined using a cefoxitin disc.
While parents were cleaning their hands with the anti-microbial gel, they were asked a series of questions related to themselves and their cell phone. The answers to the questionnaire were transferred to a Microsoft Excel spreadsheet and statistical analysis was performed using the Fisher's exact test.
RESULTS

Study population
Fifty-six parents were initially recruited for voluntary participation in the study. Six parents were eliminated because of incomplete organism identification and isolates were unavailable for further typing and identification.
Fifty parents of NICU patients completed the study. Twentythree out of 50 (46%) parents were male. The age of the cell phone varied: 15/50 (30%) were o6 months old, 11/50 (22%) were 6 to 12 months old and 24/50 (48%) were 1 to 5 years old. The types of cell phone varied: flip phone 2/50 (4%), keyboard phone 6/50 (12%) and touch screen 42/50 (84%).
Bacterial isolation from cell phones
All cell phones demonstrated bacterial growth on the RODAC plate (Table 1) . Thirty-six out of 50 (72%) cell phones grew bacteria typically considered skin flora (Coagulase-negative Staphylococcus spp., Micrococcus spp., Diphtheroid spp. and Bacillus spp.). The remaining 14/50 (28%) grew a combination of bacteria typically considered skin flora as well as other pathogens, including Grampositive cocci, Gram-negative rods and yeast.
Before-gel hand cultures and bacterial transmission from cell phone to hands Forty-eight out of 50 (96%) had bacteria identified from the before-gel hand culture (Table 1) . Forty-five out of 50 (90%) had the same organism isolated from the cell phone and the beforegel hand cultures. Two were notable for the type of bacteria being transmitted from cell phone to hands: one an Acinetobacter spp. and one a Methicillin-resistant Staphylococcus aureus.
After-gel hand cultures and bacterial penetrance with gel Thirteen of 50 (26%) had no growth on the culture (Table 1 ). The absolute number of organisms identified was reduced after gel. Ten out of 45 (22%) parents who were noted to have the same bacteria present on the cell phone and the before-gel hand cultures had no growth on the after-gel hand culture. Two cultures were notable for the same bacteria being transmitted from the cell phone to the before-gel culture and after-gel culture: one grew Enterobacter spp. and the other grew S. aureus.
Cell phone hygiene questionnaire When comparing the sample groups based on cleaning of the cell phone or age of the cell phone, there was no significance noted in the growth of pathologic organisms identified using the Fisher's exact test (Table 2) . DISCUSSION This is the first study that investigates the bacterial contamination of cell phones and the transmission of bacteria from cell phone to hands of parents in an NICU. This study confirms the emerging evidence that cell phones harbor many types of bacteria. All of the cell phones cultured demonstrated bacterial contamination. Ninety percent of the same organisms isolated from the cell phone were found on the before-gel hand culture. As the parent washed their hands immediately before picking up the cell phone, we assumed the bacterial transmission of the transient flora to the hands came from the cell phone. Despite using an anti-microbial gel, only 22% of the parents growing the same bacteria on the cell phone and the before-gel hand cultures demonstrated no growth on the after-gel hand culture. This is an important area of consideration within the NICU setting where many infants are susceptible to infections because of their immature immune system. 13 As cell phones become common tools for everyday use, there is an emerging body of evidence that looks at the risks of bacterial contamination of cell phones. Most studies focus on health-care providers and the risk of bacterial dissemination with the cell phone as a vector. 5, 7 Such studies have confirmed the concern that cell phones carry many types of bacteria, both common skin flora and pathogenic bacteria. Other studies have investigated adult patients and visitors, looking at the carrier risk of cell phones in a hospitalized setting. 8 None of these studies have investigated cell phone contamination as it pertains to a parent living outside the hospital environment and the risk of bringing bacteria to the bedside. Moreover, none of these studies look at the transmission rate of bacteria from the cell phone to the cleaned hand and the efficacy of an anti-microbial gel to reduce this transmission. Our study focuses on all three of these points.
Our study confirmed that all cell phones of parents in the NICU carry bacteria. Many of the cell phones carry bacteria known to cause infection in the premature population. More compelling is the transmission of the bacteria from cell phone to hands. The handwashing performed by the parent at the beginning of the sampling should reduce the bacterial transient flora on their hands. The fact that 90% of subjects had the same bacteria grow from their cell phone and their hands that only touched the cell phone immediately after they washed their hands suggests that there is transmission of the bacteria from the cell phone to the hands. In addition, some bacteria passed are highly pathogenic, including Acinetobacter spp. and Methicillin-resistant S. aureus. This is important as parents tend to use their cell phones at the bedside as cameras or to communicate while holding or touching their baby, increasing the risk of transmission of the bacteria from the cell phone to their baby. As controlled studies under artificial conditions have documented the efficacy of anti-microbial gels, the CDC has accepted antimicrobial gels as the standard of care for hand hygiene. 14 Therefore, this study was not designed to evaluate log reductions of organisms to test the effectiveness of the anti-microbial gel, but to look at the presence or absence of bacteria after gel application as typically done by the parents. According to the CDC, there is no data regarding the efficacy of antiseptic hand gels under actual usage patterns.
14 This study attempted to do this. Our study suggests an anti-microbial gel as typically applied by the parent does not completely eliminate the transmission of bacteria from phone to the parent's hands. Of those with the same bacteria on the cell phone and before-gel hands, only 22% had no growth on their hands after the anti-microbial gel was applied. As a result, potentially pathogenic bacteria may not be removed from their hands by using gel alone. This result was surprising since an in vitro study demonstrated a 99.9% reduction in bacteria with a 15 to 30 s exposure of an alcohol-based anti-microbial gel. 15 Being a cross-sectional study, this study was not designed to identify causality. However, one possible explanation for the increased bacterial growth after gel may be related to the complex hand microflora, which may reduce the efficacy of an alcohol-based anti-microbial gel in in vivo studies compared with in vitro studies. This was shown in one study where bacteria were transferred in 17% of the subjects after using an alcohol-based antiseptic hand rub. 16 We speculate the more likely explanation for increased bacterial growth that it is related to the inadequate application of the anti-bacterial gel. As the parent applied the anti-microbial gel as they normally would and not given instructions on how to apply the gel or how long to spend rubbing the gel over their hands, 17 the application may have been inadequate to eliminate the bacteria from the hands. This study was designed to reflect the actual usage and application of the anti-microbial gel. Unless there is someone monitoring every parent as they are applying the antimicrobial gel, it is not unreasonable to suspect that this low incidence of bacterial elimination from the hands following the gel application may be a common occurrence in many intensive care units. Parents may have a false sense of security with the belief that the application of gel to their hands alone is adequate for hand hygiene. This highlights the need for more parental education regarding the proper application of the anti-microbial gel to maximize the efficacy.
Finally, parental perspective of cell phone hygiene yielded useful findings. Ninety-four percent of the parents use their cell phones at the baby's bedside. Despite the fact that 92% were aware that cell phones carry bacteria, only 12% of parents clean their cell phone daily and 26% clean their cell phone weekly. Although no significance was found between cleaning the cell phone and bacteria or transmission, this study was not powered to find statistical differences between the survey questions related to cell phone hygiene and bacterial contamination or transmission. However, these results do suggest that there is insufficient public awareness of the dangers of bacterial contamination of cell phones and its implications on the premature infant.
The major limitation of the study was the small sample size. As a result, the number of pathogenic bacteria was too low to perform statistical testing. However, this was intended to be a surveillance study to determine the types of bacteria found on the cell phone.
CONCLUSION
Our data provide helpful information in the creation of policies and quality improvement initiatives in the NICU. As all cell phones had positive cultures, the safest approach to minimizing the risk of bacterial transmission from cell phones to the patient is to generate a 'no tolerance' policy for cell phones, prohibiting their use at the bedside. Since the cell phone has become a regular fixture for most parents, this type of policy would be difficult to enforce. Therefore, an alternative approach is to create an encompassing strategy that would reduce the bacterial load to the hands. This would include educating parents on the risk that a contaminated cell phone poses for their baby, cell phone hygiene and proper hand gel application before and after cell phone usage at the baby's bedside. The use of anti-bacterial gels alone may not be enough. Additional means to reduce cell phone bacterial load need to be explored, such as decontamination of cell phones before entering the NICU. Other methods: anti-bacterial cleaning spray, anti-bacterial hand gel, baby wipes, disinfecting wipes, soap and window cleaner.
